
www.dsevier.com/locate/clinchim 


Spectrophotometric assay for serum platelet-activating 
factor acetylhydrolase activity 


Tetsuya Kosaka 0 '*, Masahiro Yamaguchi”, Yasuji Soda b , 
Tatsuya Kishimoto”, Akio Tago b , Mitsuyoshi Toyosato 3 , Koji Mizuno 11 

*Diagnostic Research & Development Department, R&D Division, Nescn Company, Azwell Inc., 
2-24-3 Sho, Ibaraki, Osaka 567-0806, Japan 

* Pharmacokinetic Research Department, R&D Division, Nesco Company, Azwell Inc., 2-24-3 Sho, 
Ibaraki, Osaka 567-0806, Japan 

Received 30 November 1999; received in revised form 4 February 2000; accepted 11 February 2000 


Abstract 

We developed a spectrophotometric assay for serum platelet-activating factor acetylhydrolase 
(PAF-AH, EC 3.1.1.47.) activity using a platelet-activating factor (PAF) analogue with a 4- 
nitrophenyl group as substrate. PAF-AH hydrolyzes the sn-2 position of the substrate [1-myristoyl- 
2-(p-nitrophenylsuccinyl)phosphatidylcholine], producing p-nitrophenyl succinate. This liberation 
was spectrophotometrically monitored and the activity determined from the change in absorption. 
The assay does not require radioisotopes and is applicable to an automatic analyzer. Utilizing this 
assay with an automatic analyzer, it is possible to measure the activities of thousands of samples in 
a few hours with excellent precision (CV 0.5%, n = 30) and high correlation (r = 0.979, n = 100) 
with the results of a conventional radioisotopic assay- The assay should be particularly useful for 
clinical diagnostics. © 2000 Elsevier Science B.V. All rights reserved. 
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1. Introduction 

Platelet-activating factOT (PAF) is a biologically active phospholipid syn¬ 
thesized by a variety of mammalian cell types. It is a mediator for allergic and 
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inflammatory reactions. PAF is converted to the biologically inactive lyso-PAF 
by PAF acetylhydrolase (PAF-AH), which catalyzes the hydrolysis of the 
esterified acetate at the sn-2 position [1,2]. PAF-AH also degrades oxidized 
phospholipids that are structurally similar to PAF [1-3], and that are closely 
associated with atherosclerosis. These observations suggest that PAF-AH plays 
an important role in allergic, inflammatory, and atherosclerotic diseases. In fact, 
a change of human plasma or serum PAF-AH activity has been observed in a 
variety of diseases [4-19]. Although there are three isoforms of PAF-AH one in 
plasma or serum and two intracellular enzymes [20], it is sufficient to measure 
human PAF-AH activity in plasma or serum as a clinical diagnostic tool. Various 
assays for the determination of PAF-AH activity have been reported; (A) lipid 
extraction assay [21], (B) C lg octadecylsilica gel cartridge assay [22j, (C) 
thin-layer chromatographic assay [4], (D) trichloroacetic acid assay [4], (E) 
polyvinylidene difluoride membrane assay [23], (F) thio PAF assay (Cayman 
Chemical Company), (G) HPLC fluorescence assay [24], (H) fluorescence assay 
[25,26], (I) spectrophotometric assay [27], and others. However, some assays, 
(A-E), require [ 3 H]- or [ l4 C]-labeled substrates, and some assays, (F-H), 
include complicated procedures to obtain high sensitivities. One assay (I) 
utilizes l-caproyl-2-(4-nitrophenylgliitaryl)phosphatidy [choline as substrate, 
which is also hydrolyzed by albumin in plasma or serum. This assay is useful for 
determination of purified PAF-AH activity, however it is not suitable for 
determination of plasma or serum PAF-AH activity. We found a PAF analogue 
with a 4-nitrophenyl group that is more substrate-specific to serum PAF-AH, and 
detergents that inhibit the hydrolytic activity of albumin. The assay using this 
substrate with these detergents does not require any purification of the sample. 

The assay we report here is simpler than some other assays. It is highly 
sensitive and specific, and it does not require any pretreatment of the sample or 
use of any radioisotopes. Therefore, it can be used in laboratories that are not 
equipped for radioisotopes. We have also constructed a reagent kit and 
determined the parameters for an automatic analyzer, making it possible to treat 
many samples simultaneously. Thus, we have developed an accurate and 
convenient assay for the measurement of serum PAF-AH activity. 


2. Materials and methods 

2.1. Materials 

l-Hexadecyl-2-]ysophosphatidylcho]ine (C I6 lyso-PAF) was purchased from 
Funakoshi (Japan). Sodium 1-nonanesulfonate and 4-nitrophenol were purchased 
from Nacalai Tesque (Japan). Dimyristoylphosphatidylcholine was purchased 
from Nippon Fine Chemical (Japan). Dicapryloyl-, dicaproyl-, dilauroyl-, 
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dipalmitoyl-, and dioleoylphosphatidylcholines and adipic, pimelic, suberic, and 
azeleic anhydrides were synthesized in-house. l-Hexadecyl-2-acetylphos- 
phatidylcholine, [acetyl- 3 H] ([ 3 H-acetyl] PAF) was purchased from NEN Life 
Science Products. l-Hexadecyl-2-acetylphosphatidylcholine (C 16 PAF) was 
purchased from Sigma. Snake venom phospholipase A 2 (PLA 2 ), 3-[(3- 
cholamidopropyl)dimethylammonio]-l-propanesulfonate (CHAPS), glutaric an¬ 
hydride, and succinic anhydride were purchased from Wako Pure Chemical 
(Japan). Human serum PAF-AH was prepared from serum of healthy volunteers 
according to the method of Stafforini et al. [28]. All other chemicals were 
reagent grade, or better. 

2.2. Syntheses of PAF analogues as substrate 

l-Acyl-2-lysophosphatidylcholines were obtained from the hydrolysis of 
diacylphosphatidylcholines by PLA 2 . l-Acyl-2-dicarbonylphosphatidylcholines 
were synthesized from the l-acyl-2-lysophosphatidylcholines and dicarbonic 
acid anhydrides (Fig. 1). l-Hexadecyl-2-glutarylphosphatidylcholine was syn¬ 
thesized from l-hexadecyl-2-lysophosphatidylcholine. 

l-Myristoyl-2-(4-nitrophenylsuccinyl)phosphatidylcholine was synthesized as 
described below by the method of Washbum et al. [29]. A solution of 1- 
myristoyl-2-succinylphosphatidylchotine (0.35 mmol/200 mg) in dichlorome- 
thane (3 ml) was added to ice-cold oxalyl chloride solution in dichloromethane 
(0.71 mmol/0.35 ml), and stirred for 1.5 h at room temperature. The reaction 
solution was evaporated and redissolved in 3 ml of dichloromethane, then 
4-nitrophenol (0.39 mmol/54 mg), triethylamine (0.71 mmol/0.098 ml), and 
anhydrous chloroform (3 ml) were added. After the mixture was stirred for 1.5 h 
at room temperature, 60 ml of chloroform-methanol (2:1, v/v) was added. The 
solvent was washed with 15 ml of water, and the lower layer was dried with 
anhydrous sodium sulfate. The filtrate was concentrated, and purified by column 
chromatography (chloroform-methanol-water). A light yellow oily product 
(154 mg, 64% yield) was finally obtained (Fig. 1). 

The other PAF analogues were synthesized in the same way. 

2.3. Spectrophotometric assay 

PAF-AH hydrolysis of PAF analogues with 4-nitrophenyl groups was ob¬ 
served spectrophotometrically at 405 nm by monitoring the absorption change 
due to the liberation of 4-nitrophenol from the substrate upon phospholipid 
hydrolysis (Fig. 2). An H-7170 automatic analyzer (HITACHI) was used for the 
standard assay (parameters for H-7170 automatic analyzer: method, Rate-A; 
measuring points, 25-34; sample volume. 3 pi; R1 volume. 240 p.1; R2 volume, 
80 pi; wavelength (main/sub), 405/505 nm; K-Factor, 8753). A 3-pl volume of 
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Fig. 1. Syntheses of PAF analogues with 4-nitrophcnyl groups as substrate. TEA represents 
trielhylamine. 


sample and 240 p.1 of Reagent 1 (200 mmol/1 NaCl, 15 mmol/1 EDTA, 9.6 
mmol/1 sodium 1-nonanesulfonate, 7 trunol/l CHAPS, and 100 mmol/1 HEPES, 
pH 7.6) were mixed, and preincubated at 37°C for 5 min. The reaction was then 
started by adding 80 p.1 of Reagent 2(18 mmol/1 citric acid monohydrate, 8.64 
mmol/1 sodium 1-nonanesulfonate, 10% ethanol, and 3.2 mmol/1 1-myristoyl-2- 
(4-nitrophenylsuccinyl)phosphatidylcholine, pH 4.5). The absorption was mea¬ 
sured at 2 and 5 min after the addition of the substrate solution (Reagent 2). The 
activities were calculated using the difference (AA) between the absorbances of 
the above measuring points and the extinction coefficient (e = 12.3xl0 3 1/mol/ 
cm at pH 7.6) of 4-nitrophenol. 

2.4. Radioisotopic assay 

The activity was measured using [ 3 H-acetyl] PAF as the substrate by the 
method of Stafforini et al. [22,30]. The assay was carried out in polypropylene 
tubes in 0.1 mol/1 HEPES buffer, pH 7.2, at 37°C for 30 min in a total volume 
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Fig. 1. Mechanism for the spectrophotometric determination of PAF-AH activity using PAF 
analogues with 4-nitrophenyl groups. 


of 50 |il with a substrate concentration of 80 |imol/l. Reactions were quenched 
by adding 50 p.1 of 10 raol/l acetic acid. The solution was then applied to 
individual reversed-phase octadecylsilica gel cartridges (Bond Elut C, g LRC, 
Varian), which had been activated with 3 ml of methanol followed by 3 ml of 
elution buffer. After the sample addition, the cartridges were eluted with 3 ml of 
0.1 mol/1 sodium acetate, using a brief application of vacuum to increase the 
rate of flow. The elute was poured into counting vials containing 15 ml of 
scintillation cocktail (Aquasol-2, Packard), and the radioactivity was recorded 
with a liquid scintillation counter (Beckman, LS6500). 


3. Results and discussion 

Several PAF analogues with 4-nitrophenyl groups were tested for specificity 
as substrates for human serum PAF-AH. Possibly due to the 1-acyl group, the 
1-lauroyl and 1-myristoyl analogues were effectively recognized as substrates by 
PAF-AH, as shown in Fig. 3A. The effect of the C-chain length of the spacer 
portion of the sn-2 position was also examined (Fig. 3B). The succinyl group 
(four-carbon spacer analogue) showed the best performance. l-Myristoyl-2-(4- 
nitrophenylsuccinyl)phosphatidylcholine, the substrate we used in the assay, was 
about five times more substrate-specific for serum PAF-AH than the previously 
reported substrate, l-caproyl-2-(4-nitrophenylglutaryl)phosphatidylcholine. 
Next, we screened more than 50 detergents and discovered that the combination 
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Fig. 3. PAF analogues as substrates for human serum PAF-AH. (A) Substrate-specificity at the 
1-acyl group. All compounds have a 4-nitrophenylglutaryl group at the sn-2 position. 1-Alkyl 
C, 6;0 is l-hexadecy]-2-(4-mtropheny]glutaryl)phosphatidylcholine (2-(4-nitrophenylglutaryl) C 16 
PAF). 1-Acyl C g;0 , C I0:0 , C I2;0 , C I4;0 , C 16;0 , andC 1S;1 refer to 1-capryloyl-, 1-caproyl-, 1-lauroyl-, 
1-myristoyl-, 1-palmitoyl-, and 1-oleoyl- analogues, respectively. (B) Substrate-specificity at the 
sn-2 position. The sn-1 positions of all compounds contain a myristoyl group. The figures on the 
*-axis refer to the number of carbon atoms in the spacer portion between the 4-nitrophenyl group 
and lysophosphatidylcholine. 4, succinyl; 5, glutaryl; 6, adipoyl; 7, pimeloyl; 8, suberoyl; and 9, 
azelaoyl. Purified PAF-AH from human serum was used as the sample. 


of sodium 1-nonanesulfonate and CHAPS was the most effective for preventing 
the esterase-like activity of albumin in serum (data not shown). PAF-AH 
activities of three kinds of controlled serums were measured in the absence or 
presence of sodium 1-nonanesulfonate and CHAPS. The mean values were 175, 
318, 941 nmol/min/ml in the presence of inhibitors, (n = 30) and 437, 561, 1206 
nmol/min/ml in the absence of inhibitors (n = 30). It is suggested that the latter 
values show the additional effect of the esterase-like activity of albumin. 
Correlations between the spectrophotometric assays in the absence or presence 
of inhibitors and the radioisotopic assay (Fig. 4) also suggest that the activity 
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Fig. 4. Correlations between the spectrophotometric assays in the absence or presence of 
inhibitors and the radioisotopic assay for human serum PAF-AH activities. (A) Without sodium 
1-monanesulfonate and CHAPS; (B) with sodium 1-nonanesulfonate and CHAPS. Sample: human 
serum from 100 individuals. 


estimated from the assay without the inhibitors does not represent only PAF-AH 
activity. The assay with the inhibitors correlated well with the radioisotopic 
assay: y= 15.877*+14.884; r = 0.979; (n = 100). We also investigated the 
linearity and the reproducibility of the assay in the presence of inhibitors. 
Linearity for up to 5 min of incubation and 1774 nmol/min/ml of the activity 
were observed (Fig. 5). The coefficients of variation (C.V.) were 0.7, 0.6 and 
0.5% (mean=175, 318 and 941 nmol/min/ml; and S.D. = 1.27, 1.94 and 5.13 
nmol/min/ml; « = 30). 

It has been reported that plasma and serum PAF-AH activities are reduced in 
individuals with active systemic lupus erythematosus [5], necrotizing en¬ 
terocolitis [6], sepsis or septic shock [7], or bronchial asthma [4,8]. PAF-AH 
may play a defense role in these allergic or inflammatory diseases. On the other 
hand, plasma or serum PAF-AH activities increased in patients with most 
atherosclerotic diseases such as myocardial infarction [9], ischemic stroke 
[10-13], atherosclerotic peripheral vascular disease [14], familial hypercholes¬ 
terolemia [15], atherosclerosis [16], or subarachnoid hemorrhage [17]. However, 
the activities decreased in other atherosclerotic diseases such as coronary artery 
disease [16], myocardial infarction [18], or acute myocardial infarction [19]. 
Considering a role for PAF-AH in LDL oxidation, there are three disparate 
observations: PAF-AH inhibits the oxidation of LDL [26,31], it accelerates the 
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Fig. 5. Linearity of absorbance vs. incubation time and absorbance vs. dilution of human serum. 
(A) Time course. Sample was mixed with Reagent 1 and the mixture was incubated for 5 min at 
37°C, followed by addition of Reagent 2 to start the reaction. Samples were as follows: controlled 
serum 1 (high), ♦; controlled serum 2 (middle), a ; controlled serum 3 (low), X; water (blank), #. 
The reaction buffer contained sodium 1-nonanesulfonate and CHAPS. (B) Linearity of relation¬ 
ship between absorbance and dilution for human controlled serum. The sample was diluted 1/5, 
2/5, 3/5 and 4/5 with water. The buffer included sodium 1-nonanesulfonate and CHAPS. The 
data in the plots are the mean of three independent values. 


oxidation [32-34], and it has no effect [25,35,36]. Many studies of PAF-AH 
have been carried out and some review articles published, however, an obvious 
clinical diagnostic significance for the determination of plasma or serum PAF- 
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AH activity has not been elucidated. We suggest that the role of PAF-AH can be 
clarified by mass clinical tests, using the present assay. This assay has only been 
used to measure serum PAF-AH activity so far, however it has been reported 
that the values of plasma and serum PAF-AH activities show no difference [37]. 
Therefore, this assay will also be useful for determination of plasma PAF-AH 
activity. 
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